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The  hierarchical  hollow  manganese  oxide  nanospheres  with  both  a  large  surface  area  and  a  layered  struc¬ 
ture  have  been  successfully  prepared  by  a  templating-assisted  hydrothermal  process  at  150  °C  for  48  h. 
Si02  template  spheres  are  dispersed  in  KMn04  solution,  and  then  followed  by  hydrothermal  treatment 
to  forming  silica/manganese  oxide  nanospheres  with  a  core-shell  structure.  The  core-shell  nanospheres 
are  etched  in  a  NaOH  solution  (20wt.%),  so  that  the  SiC^  core  is  removed,  and  the  hierarchical  hol¬ 
low  manganese  oxide  nanospheres  are  obtained.  The  as-synthesized  hierarchical  hollow  manganese 
oxide  nanospheres  present  a  birnessite-type  manganese  oxide  phase  with  a  chemical  composition  of 
Nao.38Mn02.i4-13H20,  and  a  specific  surface  area  of  253  m2  g-1.  The  prepared  materials  exhibit  an  ideal 
capacitive  behavior  and  good  cycling  stability  in  a  neutral  electrolyte  system  and  the  initial  capacitance 
value  is  299  Fg_1.  Some  preparation  conditions  including  the  hydrothermal  temperature,  dwell  time  and 
concentration  of  template  have  been  also  investigated. 

©  2009  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Electrochemical  supercapacitors  based  on  manganese  oxides  as 
active  electrode  materials  are  currently  attracting  a  lot  of  interest 
due  to  the  relatively  low  cost,  low  toxicity,  excellent  electrochemical 
performance,  environmentally  friendly  character  in  compare  with 
the  ruthenium  oxides  or  other  transition  metal  oxides  [1-3].  Up 
to  now,  many  manganese  oxides  with  various  structures  and  mor¬ 
phologies  have  been  fabricated  via  electrochemical  and  chemical 
routes,  and  their  electrochemical  properties  have  been  investi¬ 
gated.  The  investigated  materials  mainly  focus  on  the  amorphous  or 
poorly  crystallized  manganese  oxides,  manganese  oxide  thin  films 
[4-6].  The  research  results  indicate  that  manganese  dioxide  pow¬ 
ers  have  shown  an  average  specific  capacitance  of  160  Fg-1,  while 
the  manganese  dioxide  thin  films  have  a  capacitance  in  the  range 
between  lOOFg-1  and  400  Fg-1  due  to  high  utilization  of  mate¬ 
rial  [7-9],  which  are  far  from  the  theoretical  specific  capacitance 
of  ~1000Fg_1.  Therefore,  manganese  oxides  with  high  specific 
capacitance,  good  cyclic  stability  and  low  fabrication  cost  are 
expected. 

In  general,  the  specific  capacitance  of  the  cathode  materials  is 
related  to  its  specific  surface  area,  the  electrical  conductivity  in 
the  solid  phase  and  ionic  transport  within  the  pores  because  the 
larger  specific  surface  area  and  good  ionic  transport  can  lead  to  a 
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higher  current  density  and  facilitate  the  fast  transport  of  electrolyte 
with  metal  ions  [10].  In  this  regard,  a  layered  structure  consisting  of 
bicontinuous  networks  of  solid  and  pore  on  the  nanometer  scale  is 
an  attractive  candidate  for  application  as  active  electrode  material, 
and  especially  in  the  mesoporous  birnessite-type  manganese  oxide 
with  large  specific  surface  area.  Till  now,  although  birnessite-type 
manganese  oxides  with  different  morphologies  such  as  nanobelt 
[11,12],  flower-like  microsphere  [13],  nanobundles  [14],  flower-like 
nanowhisker  [15],  and  so  on  have  been  prepared,  the  obtained 
materials  have  less  specific  surface  area  (in  the  range  between 
20m2g-1  and  150  m2  g-1)  [16],  which  limits  their  applications  as 
active  materials  for  supercapacitor.  Thus  research  on  the  prepa¬ 
ration  method  to  create  nanostructure  active  materials  with  large 
specific  surface  area  is  of  great  significance. 

Herein  hierarchical  hollow  manganese  oxide  nanospheres  with 
both  a  large  surface  area  and  a  layered  structure  were  success¬ 
fully  prepared  by  a  templating-assisted  hydrothermal  process  at 
150  °C  for  48  h.  As  shown  in  Fig.  1,  the  synthesis  is  preformed  by 
a  two-step  process.  Si02  employed  spheres  was  first  dispersed  in 
KMn04  solution  and  then  followed  by  a  hydrothermal  treatment 
to  form  a  silica/manganese  oxide  core-shell  nanosphere.  The  core¬ 
shell  nanosphere  was  etched  in  a  NaOH  solution  (20wt.%),  so  that 
the  Si02  core  was  removed,  and  hierarchical  hollow  manganese 
oxide  nanospheres  with  a  large  specific  surface  area  of  253  m2  g-1 
were  prepared.  The  as-prepared  hierarchical  hollow  manganese 
oxide  nanospheres  exhibited  an  ideal  initial  capacitive  behavior 
of  299Fg_1  and  good  cycling  stability  in  a  neutral  electrolyte 
system. 
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Fig.  1.  Sythesis  process  of  hierarchhical  hollow  manganese  oxide  nanosphere. 


2.  Experimental 

2.1  Materials  synthesis 

The  template,  Si02  sphere,  was  prepared  with  ultrasonic  method 
reported  in  a  literature  [17].  Under  ultrasonic  condition  (240  W, 
40  kHz),  tetraethoxysilane  (3mL)  was  dropped  into  a  mixture  of 
absolute  ethanol  (50  mL)  and  ammonia  (6mL)  with  a  rate  of  eight 
drops  per  minute.  During  the  ultrasonic  process,  the  temperature 
was  maintained  at  40  °C  throughout.  The  obtained  Si02  suspension 
was  centrifuged,  rinsed  with  distilled  water,  and  redispersed  in  H20 
(12  mL)  to  finally  form  Si02  white  suspension. 

KMn04  (0.73  g)  was  added  to  the  Si02  white  suspension  and 
treated  by  ultrasonic  treatment  for  30  min,  a  purple  suspension  was 
obtained.  The  obtained  purple  suspension  was  then  transferred  to 
a  Teflon-lined  autoclave  and  followed  by  treating  at  150  °C  for  48  h; 
the  brown  intermediate  sediment  with  a  silica/manganese  oxide 
core-shell  structure  was  obtained,  which  was  abbreviated  as  SMS. 
The  brown  intermediate  sediment  with  core-shell  structure  was 
etched  in  a  NaOH  solution  (20wt.%),  and  then  the  Si02  core  was 
dissolved.  After  the  removal  of  Si02  core  with  NaOH,  the  final  prod¬ 
ucts,  the  hierarchical  hollow  manganese  oxide  nanospheres  were 
obtained  after  centrifugation,  and  washed  for  several  times  with 
ultrapure  water,  which  were  abbreviated  as  HMS. 

2.2.  Characterizations 

X-ray  diffraction  pattern  (XRD)  measurements  were  carried 
out  with  a  Rigaku  D/Max2550VB  +  /PC  instrument  using  graphite- 
monochromated  Ni-filtered  Cu  Ka  radiation.  A  Quanta  200 
environmental  scanning  electron  microscopy  was  used  to  observe 
the  morphologies  of  the  precursors,  the  intermediate  sediments 
and  final  products.  For  TEM  observation,  the  samples  were 
redispersed  in  ethanol  by  ultrasonic  treatment  and  dropped  on 
carbon-copper  grids.  TEM  images  were  collected  by  using  a  JEOL- 
JEM-3010  microscope  working  at  120  kV.  A  Fourier  Transform 
Infrared  Spectrometer  EQUINX55  was  used  to  obtain  the  infrared 
spectra  of  the  samples  by  the  KBr  method.  A  Beckman  coulter-type 
nitrogen  adsorption-desorption  apparatus  was  used  to  investigate 
the  pore  property  degassing  for  4  h  below  10-3  mmHg.  Mn  and  Na 
contents  were  determined  by  atomic  absorption  spectrometry  after 
samples  were  dissolved  in  a  mixed  solution  of  HC1  (1.0  mol  L-1) 
and  H202  (28%)  (v/v  =  5:l).  The  content  of  H20  was  determined  by 
weight  loss  under  120  °C  in  thermogravimetric  analysis  (TGA). 

2.3.  Electrochemical  measurement 

Electrodes  were  prepared  by  mixing  Mn02  power  (75wt.%)  as 
active  material  with  acetylene  black  (20  wt.%),  and  polyvinylidene 
fluoride  (5  wt.%).  The  two  former  constituents  were  first  mixed 
together  to  obtain  a  homogeneous  black  power.  The  polyvinyli¬ 
dene  fluoride  solution  (0.02  gmL-1,  in  N-methyl-keto pyrrolidine) 
was  then  added.  This  resulted  in  a  rubber-like  paste,  which  was 
brush-coated  onto  a  Ni  mesh.  The  mesh  was  dried  at  110  °C  in  air 
for  2  h  for  the  removal  of  the  solvent.  After  drying,  the  coated  mesh 
was  uniaxially  pressed  to  more  completely  adhere  the  electrode 
material  with  the  current  collector. 


Fig.  2.  XRD  patterns  (left)  and  SEM  images  (right):  (a)  Si02  spheres,  (b)  SMS,  and  (c) 
HMS. 

A  CHI  600  electrochemical  workstation  (Chenhua  Instrument 
Co.,  Shanghai,  China)  was  used  for  electrochemical  measurements. 
A  beaker  type  electrochemical  cell  equipped  with  a  Mn02  based 
working  electrode,  a  Pt-foil  (2  cm2)  as  the  counter  electrode  and 
saturated  calomel  electrode  (SCE)  as  the  reference  electrode.  CV 
curves  were  done  between  -0.2  V  and  0.8  V  in  a  Na2S04  electrolyte 
(1  mol  L-1 )  at  a  sweep  rate  of  5  mV  s_1.  The  average  specific  capac¬ 
itance  was  evaluated  from  the  area  of  the  charge  and  discharge 
curves  of  the  CV  plot  [18]. 

3.  Results  and  discussion 

The  prepared  templating  Si02  shows  a  non-crystalline  charac¬ 
ter  and  regular  monodisperse  sphere  morphology,  the  size  of  the 
sphere  ranges  from  200  to  350  nm  (Fig.  2a).  By  hydrothermally 
treating  KMn04  purple  suspension  with  Si02  dispersed  at  150  °C 
for  24  h,  brown  intermediate  sediment  with  silica/manganese  oxide 
core-shell  structure  (SMS)  was  obtained.  In  general,  manganese 
oxides  with  layered  structure  contain  a  set  of  basal  reflections  with 
d  values  that  correspond  to  a  minimum  periodicity  along  c  equal 
to  0.72  nm,  which  is  the  basic  characteristic  of  layered  structure. 
The  XRD  pattern  of  sample  SMS  shows  a  reflection  characteris¬ 
tic  of  a  typical  birnessite-type  manganese  oxide,  the  diffraction 
peaks  at  about  12.5°,  25°  and  37.5°  can  be  observed,  correspond¬ 
ing  to  a  basal  spacing  of  0.73  nm  (Fig.  2b).  These  peaks  are  almost 
in  accord  with  characteristic  diffraction  peaks  of  birnessite-type 
manganese  oxide  crystal  (JCPDS  23-1046),  while  the  particle  mor¬ 
phology  hardly  changes.  Sample  SMS  was  etched  in  NaOH  solution 
(20  wt.%),  the  Si02  core  was  dissolved  and  the  hierarchical  hollow 
manganese  oxide  nanospheres  (HMS)  were  obtained.  The  broad  and 
low  diffraction  peaks  suggest  that  the  sphere  particles  of  the  sample 
HMS  are  small  in  size.  In  comparison  with  the  particle  morphology 
of  the  sample  SMS,  sample  HMS  shows  identical  morphology  and 
particle  size  distribution  (Fig.  2c). 

Transmission  electron  microscopy  (TEM)  observations  reveal 
that  the  intermediate  sample  SMS  shows  monodispersed  sphere 
morphology,  and  the  hierarchical  spherical  morphology  can  be 
clearly  observed  in  a  larger-magnification  image  (Fig.  3b).  Zeng 
and  co-workers  reported  ZnS  homogeneous  core-shells  can  be 
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Fig.  3.  TEM  images  of  SMS  (a  and  b)  and  HMS  (c  and  d)  at  different  magnifications. 


synthesized  via  Ostwald  ripening  in  a  one-pot  synthesis  [19].  In 
the  present  experiment,  the  formation  of  silica/manganese  oxide 
shell/core  intermediate  structure  is  also  explained  according  to  a 
Ostwald  ripening  process.  The  manganese  oxide  shell  starts  from 
the  surface  nucleation  on  the  Si02  templating  sphere.  Due  to  the 
Ostwald  ripening,  the  manganese  oxide  crystallites  on  the  Si02 
surface  become  larger  ones  on  attracting  the  smaller  crystallites 
underneath,  and  final  manganese  oxide  nanocrystals  with  extended 
and  curled  thin  pieces  aggregating  on  the  Si02  surface.  After  Si02 
template  core  was  removed  by  NaOH  solution,  the  hierarchical  hol¬ 
low  manganese  oxide  nanospheres  with  hollow  inner  cavity  and 
thin  outer  shell  were  obtained.  Further  observation  for  the  magni¬ 
fication  TEM  image  shows  that  the  wall  thickness  of  the  nanosphere 
is  ca.  35  nm  (Fig.  3d)  and  the  sphere  surface  is  rough.  These  results 
indicate  that  the  obtained  hierarchical  hollow  manganese  oxide 
nanospheres  are  small  in  size  and  a  large  hollow  inner  cavity  is 
existed. 

In  contrast  with  the  FT-IR  spectrum  of  the  intermediate  sample 
SMS,  a  characteristic  O-Si-O  absorption  bands  around  1109  cm-1 
and  807  cm-1  were  completely  disappeared  in  sample  HMS  after 
sample  SMS  was  soaked  in  NaOH  solution,  indicating  that  the 
template  Si02  sphere  was  removed  from  the  core-shell  structure 
(Fig.  4)  [20].  In  addition,  the  Mn-0  stretching  vibration  band  around 
479  cm-1  shifted  to  a  higher  frequency  (511cm-1)  due  to  the 
removal  of  the  templating  Si02. 

The  effects  of  the  hydrothermal  temperatures  on  the  morphol¬ 
ogy  and  crystalline  of  the  intermediate  sample  SMS  and  the  final 
product  HMS  shows  that  a  relatively  good  hierarchical  hollow 
manganese  oxide  nanospheres  are  obtained  at  150 °C  (Figure  SI). 
The  obtained  samples  at  different  hydrothermal  temperatures 
have  a  typical  XRD  pattern  of  birnessite-type  manganese  oxide 
(Figure  S2).  Above  or  below  this  temperature,  the  final  products 
show  irregular  agglomeration  sphere  morphologies.  At  low  tem¬ 


peratures,  less  manganese  oxide  nanocrystals  are  aggregated  on 
the  surface  of  templating  Si02  spheres  and  a  thin  shell  structure 
is  formed.  Because  the  shells  are  thin  enough,  they  collapse  and 
agglomerate  to  form  irregular  sphere  morphologies  when  the  Si02 
template  is  removed.  On  the  other  hand,  KMn04  quickly  decom¬ 
poses  and  forms  a  lot  of  manganese  oxide  nanocrystals  which 
aggregate  irregularly  on  the  surface  of  Si02  templating  spheres 
under  a  higher  temperature  condition. 

Time-dependent  experiments  were  carried  out  by  hydrother- 
mally  treating  the  suspension  of  KMn04  and  Si02  spheres  at  150  °C 
for  different  reaction  times.  The  obtained  intermediate  samples  and 
final  products  show  an  aggregated  morphology  with  prolonging  the 
hydrothermal  dwell  time  (Figure  S3).  The  relatively  high  hydrother- 


Wavenumber  (cm'1) 

Fig.  4.  FT-IR  spectra  of  samples  SMS  and  HMS. 
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mal  temperature  destroys  the  surface  of  Si02  sphere  in  some  extent, 
and  the  longer  time  the  hydrothermal  treatment  dwelled,  the  more 
seriously  the  surface  of  Si02  sphere  were  destroyed.  In  addition,  the 
morphology  effect  of  template  Si02  amount  on  the  final  products 
shows  cluster-like  morphology  product  is  obtained  when  no  Si02 
template  is  used,  which  are  agglomerated  by  small  birnessite-type 
manganese  oxide  particles  (Figure  S4).  With  the  increase  of  Si02 
template  amounts,  the  intermediate  products  with  both  sphere 
and  cluster  morphologies  are  obtained,  and  a  final  product  with 
homogenous  spherical  morphology  is  formed  when  the  amount  of 
Si02  template  spheres  increases  to  1.2  molL-1. 

N2  adsorption-desorption  isotherms  of  sample  HMS  in  compar¬ 
ison  with  sample  SMS  are  shown  in  Fig.  5.  Sample  SMS  is  apparently 
non-porous,  having  a  Brunauer-Emmett-Teller  (BET)  surface  area 
of  59m2g_1.  In  contrast,  the  isotherm  feature  of  sample  HMS 
clearly  indicates  the  presence  of  mesopores  in  this  sample,  clas¬ 
sified  as  type  IV  as  defined  by  the  International  Union  of  Pure 
and  Applied  Chemistry  (IUPAC)  [21].  A  hysteresis  loop  between 
the  adsorption  and  desorption  branches  can  be  considered  as  type 
H3,  indicative  of  slit-like  pores.  It  should  be  noted  that  pillared 
manganese  oxides  obtained  through  the  conventional  intercalation 
are  mostly  microporous  [22-24].  The  sample  HMS  with  hierarchi¬ 
cal  hollow  morphology  shows  a  much  higher  BET  surface  area  of 
253  m2  g-1  and  larger  N2  adsorption  volume.  The  BET  surface  area 
is  obviously  larger  than  that  reported  by  Wei  and  co-workers  [  1 5  ],  in 
which  nanostructured  Mn02  with  mixed  nanorods  and  nanostruc- 
tured  surface  with  a  distinct  plate-like  morphology  was  obtained 
and  its  BET  surface  area  was  of  132  m2  g-1 .  The  specific  capacitance 
was  168  F  g-1 .  A  t- plot  analysis  confirms  the  predominant  presence 
of  mesopores  in  sample  HMS.  The  mesoporous  surface  area  is  about 
218  m2  g-1,  and  contributed  to  about  86%  of  the  total  specific  sur¬ 
face  area.  These  results  clearly  indicate  that  the  formation  of  the 
hierarchical  hollow  in  sample  HMS  drastically  enhances  the  meso- 
porosity  as  well  as  the  specific  surface  area.  This  mesoporous  nature 
may  be  principally  elucidated  by  the  hollow  inner  cavity  and  thin 
outer  shell  of  hierarchical  hollow  manganese  oxide  nanospheres. 

There  have  been  only  a  few  reports  on  mesoporous  manganese 
oxides  with  birnessite-type  structure.  One  has  a  pore-solid  archi¬ 
tecture  of  nanoscale  Mn02  with  the  birnessite  structure,  which  can 
be  controlled  based  on  the  methods  employed  to  render  the  dry 
gel  [25].  Chen  et  al.  reported  the  preparation  of  mesoporous  lay¬ 
ered  manganese  oxide  nanospheres  with  honeycomb  and  hollow 
morphologies  at  room  temperature  by  varying  the  molar  ratio  of 
KMn04  and  oleic  acid  [26].  Wang  et  al.  synthesized  a  new  meso¬ 
porous  manganese  oxide  with  a  layered  structure  via  restacking 


Fig.  6.  The  1st  (♦)  and  1000th  (•)  cyclic  voltammogram  cycle  curves  of  sample  HMS 
at  a  scan  rate  of  5  mV s-1  in  1  M  Na2S04  solution. 


colloid  Mn02  nanosheets  with  Al13  Keggin  ions,  which  has  a  well- 
developed  structural  mesoporosity  with  a  remarkably  high  specific 
surface  area  of  204m2  g-1  [27].  In  the  present  work,  mesoporous 
hierarchical  hollow  manganese  oxide  nanospheres  with  a  layered 
structure  is  prepared,  and  the  large  specific  surface  area  may  be 
principally  carried  out  by  the  hollow  inner  cavity  and  thin  outer 
shell  of  hierarchical  hollow  manganese  oxide  nanospheres,  which 
is  different  from  the  above-mentioned  architectures. 

Manganese  oxides  with  various  valence  states  and  crystalline 
structure  are  currently  investigated  for  electrochemical  electronic, 
catalytic  and  other  applications.  Extensive  studies  have  shown  that 
manganese  oxides  are  promising  electrode  materials  for  electro¬ 
chemical  supercapacitors.  Cyclic  voltammetry  is  an  important  tool 
to  investigate  the  capacitive  behavior  of  materials.  Fig.  6  shows  the 
1st  and  the  1000th  cyclic  voltammetry  curves  for  the  hierarchical 
hollow  manganese  oxide  spheres  electrode  prepared.  The  CV  curves 
obtained  in  a  Na2S04  ( 1  mol  L-1 )  solution  at  a  sweep  rate  of  5  mV  s-1 
show  relatively  rectangular  mirror  images  with  respect  to  the  zero- 
current  line.  The  rectangular  mirror  images  indicate  the  capacitive 
behavior  for  the  obtained  materials.  It  is  clear  from  Fig.  6  that  there 
are  no  redox  peaks  in  the  range  between  -0.2  V  and  0.8  V,  indicating 
the  hierarchical  hollow  manganese  oxide  sphere  electrode  pre¬ 
pared  by  the  present  method  behaves  as  an  ideal  capacitor  within 
the  window  of  -0.2-0.8V.  The  specific  capacitance  values  calcu¬ 
lated  from  the  cyclic  voltammetry  curves  are  found  to  be  299  Fg-1 
and  291  F  g-1 ,  respectively.  The  variation  of  the  specific  capacitance 
as  a  function  of  cycle  number  shows  that  the  specific  capacitance 
slightly  decreases  with  increasing  the  cycle  number.  After  1000 
cycles  of  the  operation,  the  electrode  can  maintain  97.6%  of  the 
initial  value,  indicating  the  good  cycling  stability  of  the  hollow  man¬ 
ganese  oxide  sphere  electrode  materials  (Fig.  7).  TEM  image  shows 
that  the  hollow  structure  of  the  obtained  material  is  mainly  main¬ 
tained  after  1000  cycles,  and  some  destruction  of  the  hierarchical 
spherical  morphology  is  observed  in  some  scale  (Figure  S5). 

On  the  other  hand,  the  electrochemical  properties  of  Mn02 
non-hollow  nanoparticles  obtained  without  the  silica  template  the 
Mn02  show  an  obvious  difference  in  comparison  with  the  hol¬ 
low  manganese  oxide  nanospheres.  The  1st  and  the  200th  cyclic 
voltammetry  curves  show  that  although  the  CV  curves  close  to  rect¬ 
angular  mirror  images,  a  lower  specific  capacitance  of  163  Fg_1  is 
calculated  from  1st  cyclic  voltammetry  curve.  After  200  cycles,  the 
specific  capacitance  decreases  to  106  Fg-1, 65%  of  the  initial  value, 
indicating  the  cluster-like  product  has  not  good  cycling  stability 
(Figure  S6).  Therefore,  the  hollow  manganese  oxide  nanospheres 
show  a  good  capacitance  property. 
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Fig.  7.  Variation  of  the  specific  capacitance  with  respect  to  cycle  number.  The  poten¬ 
tial  cycling  was  performed  in  1.0  M  Na2S04  within  a  potential  window  ranging  from 
-0.2  V  to  +0.8  V  vs  Hg/Hg2S04  at  a  sweep  rate  of  5  mV  s_1 . 


Until  now,  two  mechanisms  have  been  proposed  to  explain  the 
Mn02  charge  storage  behavior.  The  first  mechanism  is  based  on  the 
concept  of  intercalation  of  H+  or  alkali  metal  cations  such  as  Na+ 
ions  in  the  electrode  during  reduction  and  deintercalation  upon 
oxidation. 

Mn02  +  A  +  e-  +>  MnOOA 

And  the  secondary  one  is  based  on  the  surface  adsorption  of 
electrolyte  cations. 

(M11O2 Surface  T  ^  T  C  +>  (Mn02  A)surface 

In  the  present  study,  we  think  that  the  redox  process  is 
mainly  governed  by  the  intercalation  and  deintercalation  of  Na+ 
ions  from  the  electrolyte  into  the  mesoporous  hollow  man¬ 
ganese  oxide  spheres,  similar  to  the  work  reported  by  Toupin 
etal.  [28]. 

In  summary,  the  hierarchical  hollow  manganese  oxide 
nanospheres  with  a  large  surface  area  were  successfully  pre¬ 
pared  by  a  templating-assisted  hydrothermal  process  at  150  °C  for 
48  h.  It  created  a  novel  route  to  prepare  mesoporous  birnessite- 
type  manganese  oxides  with  a  large  surface  area.  The  experimental 
optimized  conditions  of  the  hierarchical  hollow  manganese  oxide 
nanospheres  were  obtained.  The  as-prepared  hollow  manganese 
oxide  nanosphere  not  only  had  a  large  area  of  253  m2  g-1,  but  also 
showed  an  ideal  capacitive  behavior  and  good  cycling  stability  in 
a  neutral  electrolyte  system.  The  ideal  capacitive  behavior  with 


a  specific  capacitance  of  299  Fg-1  was  found  and  the  specific 
capacitance  only  decreased  by  2.4%  after  1000  cycles. 
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